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Steiner tree :2 $OPT_{L}$
$O(L\log n)\cdot OPT_{L}$ DST $L$
Tree
cover (DTC) $O(\log n)$
1 INTRODUCTION
STEINER TREE















TREE COVER NP 2
[16,7].
STEINER TREE $G=$
$(V, A)$ , $c$ : $Aarrow \mathbb{R}_{+}$ , $r\in V$ ,
terminal $X\subseteq V$ $r$
terminal
$T$ (
). TREE CO ER
$G=(V, A)$ , $C$ ;




























SET COVER DTC GROUP
STEINER TREE 3









$O(\log n)$ [4]. Zoein




DST $L$ Steiner troe
2. $(L-1)\cdot H(|X|)$ DST
$L$
$H(k)= \frac{1}{1}+\frac{1}{2}+\cdots\frac{1}{k}\leq 1+\ln k$
$V\backslash X$
$L$

















2 DIREcTED STEINER TREE
DST $G=(V, A)$ ,
$c:Aarrow\sim$ , $r\in V$ , teminal
$X\subseteq V$ $r$ terminaJ
( Steiner tree, DST)
DST $L$ Steiner tree
DST
2. $(L-1)\cdot H(|X|)$ DST
$L$
$V\backslash X$ $L$







1. full Steiner $R\mathfrak{r}eT$
138




$V(T),$ $A(T)$ $T$ $T$
$c(T)$ $T$
$r(T)$ $X(T)$ $T$ $r(T)$
terminal $(X(T)=X\cap(V(T)\backslash$
$\{r(T)\}))$ .










$(XU\{r\}, \emptyset)$ PSol $R_{F}=$





$0$ $T$ $r(T)$ terminal
terminat (











$F=(V_{F},A_{F})$ Parlial Solution PSol
1. $Farrow(X\cup\{r\}, \emptyset)$
2. $X_{(},$ $\wedge X$
3. $i\sim O$
4. repeat until $X_{i}=\emptyset$
1. $F$ $\delta^{-}(v)=0$ $v$ $R_{F}$







(c) $Farrow F\cup T^{*}$





1. Algorithm 1 $F$
PSol $R_{F}=X_{i}\cup\{r\}$








$T_{*}^{*}\cup F$ $R_{F}=\{r\}\cup(X_{1}\backslash X(T^{*}))$
















Proof. $X_{1},x_{2},$ $\ldots,$ $x_{|X|}$
terminal




















7. lSteiner tree l-level
$DST$ $l$ $St\dot{\alpha}ner$ toee
$G$ $r$ $L$
Steiner tree $T_{OP_{L}}$ full Steiner










$d_{OPT}^{(:)}(k,r,X)$ $i$ -level TBEST
$O(n^{i}k^{2i})$
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$k$ $r’\epsilon X\cup\{r\}$ Charikar Algorithm 2 $\tau*$
2. $c(T_{OPT_{L}})/|\overline{X}|$ 1 level $T$‘













Algorithm 2. $L$ Steiner tree
Toae $\tau*$
1. $Tarrow\emptyset$









6. $\tau*$ $v_{j}\in$ $r(V_{j})$ (




5. Algorithm 2 $T\in \mathcal{T}$ $T$









6. Algorithm 2 $\tau*$ L-level






Algorithm 2 $\tau*$ terminal
$r(T^{*})$ $x_{i}$ $\tau*$
Step 2 $r(T^{*})$ $x_{i}$ $V_{i}\cup(V\backslash$
$V_{F})$ $T_{W_{L}}$ $L$
Steiner tree $r(T^{*})$ $L$
$x’\in X\backslash \tilde{X}$ $x’\in X$
$x’\in V_{F}$ $x’\in V_{i}$
5 $\tau*$ $x’$ $x_{i}$
$r$ $L$ $X’$
$x’$ $x_{i}$ Step 5
Step5 $\tau*$ &level
Tree Step 6
7. $L$ Steiner tree $T_{OPT_{L}}$
$\tau*$ 2 $\cdot c(T_{OPT_{L}})/|\tilde{X}|$
Proof. Algorithm 2 $T$
$(2 \cdot c(T_{OPT}))/|\tilde{X}|$
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$r(T_{1})\in V(T_{2})$ $r(T_{2})\in V(T_{1})$






$T\in \mathcal{T}$ $r(T)$ Step 2























1. Algorithm 1 $2\cdot(L-1)\cdot H(|X|)$ .
$c(T_{OP’\Gamma_{L}})$ $DST$ $L$










ST NER TREE quasi-
bipartite















3. $V\backslash X$ $L$
$IlST$ $2\cdot(L+1)\cdot II(|X|)$
10. $DTC$ $(G,r, c)$
$DST$ $(G’, r’, X,c’)$





3 DIRECTED TREE COVER
DTC $G=(V, A)$ ,







$(V, A)$ $r\in V$ DTC
$(G, r, c)$ DST
$(G’,r’,X,c’)$ $G$ $(u,v)$







$G’$ $A’$ $|X|=|A|,$ $|A’|=3|A|$
9. $G’$ $(X, V’\backslash X)$
2
Proof. $G$ $(u,v)$ teminal $x_{(u,v)}\in$





Proof. $G’$ $r’$ $T’$






$x_{(u,v)}\in X$ $T’$ $u$ $v$
$T’$ $u$ $v$ $T$
$T$
TDST 2 DTC




$G$ $r$ $T$ $G’$












DTC TDTC :2 $G’$
DST TDST
2 $DTC$ 2 $\cdot H(|A|)$
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DTC 2 $\cdot H(|X|)$
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